BACKGROUND/OBJECTIVES: This study examines which socio-demographic and lifestyle characteristics are associated with weight and waist circumference (WC) change in a cohort of Australian adults over a 15-year period (1992-2007). Further, it tests the effect of period of birth (birth cohort) on mean weight and WC at two time points, 15 years apart. SUBJECTS/METHODS: Up to three repeated measures of weight (n ¼ 1437) and WC (n ¼ 1317) were used. Self-reported data on socio-demographic and lifestyle characteristics were derived from repeated questionnaires. Multivariable models, stratified by sex, were adjusted for potential confounders. RESULTS: Participants born more recently were heavier, on average, than those in the same age group 15 years earlier, but there was no such secular trend in WC. Age at baseline was associated with change in weight and WC, but the pattern was different: participants gained weight up to age 55 years, while WC gain continued to 65 years. In women, higher level of recreational physical activity was associated with lower WC gain (Po0.05). Parity was also associated with WC change in women (Po0.05), but there was no linear trend. CONCLUSIONS: Age was the most important factor associated with change in weight and WC in both sexes, apparently reducing the influence of all potential covariates. Among women, physical activity and parity were also associated with change in weight and WC. This study provides longitudinal evidence to support public health efforts that address the continuous increases in average weight and WC of many populations around the world.
INTRODUCTION
Obesity is a significant health problem worldwide.
1,2 A number of social, economic and lifestyle characteristics may affect change in weight in individuals. However, findings from longitudinal studies on the overall effect of such factors are inconsistent. For example, the association between smoking and body mass is complex, 3 with some studies indicating that smoking is associated with weight loss, 4, 5 while others show the opposite. 6 Conclusions have also been inconsistent in previous studies of alcohol use and risk of obesity. [7] [8] [9] [10] [11] Central obesity, independent of total body fat, is associated with increased risk of some chronic disease. 12 However, limited evidence is available on the socio-demographic and lifestyle factors that influence change in waist circumference (WC) over time. 10, 13 Further, it is currently unclear whether or not the predictors of long-term change in general obesity differ from those of abdominal obesity. Such information is needed to improve the design of obesity prevention efforts.
Results from repeated cross-sectional studies in different populations [14] [15] [16] have indicated that the period of birth (birth cohort) has a significant independent effect on the risk of weight gain. Similar evidence is scarce for WC. 17 We have addressed these research questions by analyzing longitudinal assessments of weight and WC in an Australian community.
SUBJECTS AND METHODS

Study population
We used data collected in the Nambour Skin Cancer Study, which involved a random, population-based sample of Australian men and women. The design and follow-up methods have previously been described in detail. 18, 19 In brief, participants were 1621 residents of Nambour, a semirural township in Queensland, who were originally randomly selected from the electoral roll (voting is compulsory in Australia) 20 and participated in the Nambour Skin Cancer Study and were followed up between 1992-2007. Body weight was measured at a study clinic using a standard protocol at three time points (1992, 1996 and 2007) , and WC was measured twice (1992 and 2007) . Participants were included in these analyses if they had at least one measurement of weight or WC.
Of the total 1621 participants enrolled in the Nambour Study in 1992, weight was measured for 1248 participants in 1992, 1271 participants in 1996 and 712 participants in 2007 (data missing completely for 184 individuals (11%)). The weight analyses therefore included 249 (17%) participants with one observation, 582 (41%) with two observations and 606 (42%) with three observations. These 1437 individuals (57% women) contributed a total of 3231 observations (one observation ¼ one measurement of weight of one person at one time point) in the 15-year follow-up period.
WC was measured in 1221 participants in 1992 and 712 participants in 2007 (data missing completely for 304 individuals (19%)). The study population therefore included 701 (53%) participants with one observation and 616 (47%) with two observations. These 1317 participants (57% women) contributed a total of 1933 observations during the follow-up period. The Queensland Institute of Medical Research Ethics Committee approved the study and all participants provided informed written consent.
Covariates
Details of socio-demographic, lifestyle, diet and health-related behaviors were collected through self-completed questionnaires in 1992, 1996 and 2007. Participants were considered to have a medical condition if they had reported having glaucoma, gallstones, high cholesterol, high triglycerides, diabetes/high blood sugar, hypertension, angina, heart attack, stroke or cancer. Recreational physical activity was categorized based on selfreported engagement in walking (low physical activity level), moderate activity or vigorous exercise in the past two weeks. Smoking status was ascertained based on the timing and number of pack-years smoked (a pack year is defined as twenty cigarettes smoked every day for one year), calculated from the frequency and duration of cigarettes smoked, for each period preceding each measurement year. Occupation was categorized using standard categories for Australia. 21 Baseline body mass index (BMI) and WC were used as categorical variables and classified according to WHO criteria: overweight: 25p BMIo30 kg/m 2 ; WC men 94-102 cm, women 80-88 cm; obesity: BMIX30 kg/m 2 ; WC men X102 cm, women X88 cm. The diet assessment method was a self-administered semi-quantitative food frequency questionnaire adapted from the US Nurses' Health Study, which had previously been validated in this study population. 22 Using food frequency questionnaire data from all measurement years (1992, 1996 and 2007) , the participants were divided into four equal groups according to their ranked energy intake (kJ/day), separately for men and women. Alcohol consumption (g per day) was calculated from the food frequency questionnaire data, and categorized based on the national alcohol guidelines. 23 
Statistical analysis
Influence of period of birth (birth cohort) was ascertained using a twosample t-test comparing mean weight or WC in 1992 and 2007. Longitudinal associations between socio-demographic and lifestyle factors and change in weight or WC were assessed by linear regression using the generalized estimating equations approach. 24 This approach takes into consideration concurrent changes in the response variable and covariates over time. 25 Weight and WC were used as continuous variables; change in weight or WC per year in each category of covariates were calculated by including an interaction term between the variable and time (year of observation as a continuous variable).
The analyses were stratified by sex because the pattern of associations was expected to be different for men and women. Covariates were included as time-dependent (changing over time) or time-independent (constant over time) variables. Time-dependent variables were medical condition, physical activity, alcohol consumption, smoking status, energy intake and hormone replacement therapy use in women. Time-independent variables were age, BMI, education and occupation (all assessed in 1992) and parity (assessed in 2004).
The analyses were carried out in two steps: (1) univariate analyses for each covariate and weight or WC change as the outcome, and (2) multivariable adjusted analyses to identify which covariates were independently related to weight or WC change over time.
In multivariable models, adjustments were made for variables for which the univariate association with weight or WC change had a P-value o0.1 ( Supplementary Tables 2-3 ). Although the Quasi-likelihood under the Independence model Criterion is commonly used to review model fit and was considered in our analyses, our main approach was to investigate the contribution of each explanatory variable independent of other variables that were also found to be associated with the outcome in the univariate analyses.
BMI at baseline was not associated with weight change over time (data not shown), thus we did not adjust for it in multivariable models. Since baseline abdominal obesity was associated with WC change in both men and women (data not shown), all multivariable modelling of this outcome included baseline abdominal obesity as a covariate. Additional adjustment for baseline height in the weight and WC models did not change the results and was therefore not retained in the model.
Covariates added to the models included both the main effect and the interaction term with time for the variable. Age (cantered on the mean) and its squared value were used in the multivariable model when adjusting for this variable. A P-value for the overall association between each covariate and the outcome was derived from the likelihood ratio test for interaction of each covariate by time. A P-value for subgroup comparisons within each covariate was derived from a Wald Test based on parameter estimates and standard errors from the generalized estimating equations model.
To examine the pattern of missingness due to persons dropping out of the study, and to check whether the assumption of missing at random could be made, we compared the characteristics of the participants included in the analyses with those excluded using multiple logistic regressions applying the generalized estimating equations approach. Values of Po0.05 were considered statistically significant. All analyses were carried out using SAS statistical package version 9.1 (SAS Institute, Cary, NC, USA).
RESULTS
At baseline in 1992, participants' mean (s.d.) age was 50 (13) years; 40% were overweight and 17% were obese, while 28% were abdominally overweight and 29% were abdominally obese. Individuals excluded from the weight analyses (11%) due to missing weight data were more likely to be in the youngest or oldest age categories (Po0.01). Persons excluded from the WC analyses (19%) were also more likely to be in the youngest or oldest age categories, and tended to have a lower education level, and were more likely to have a non-professional occupation (all Po0.01) (detailed results not shown).
Descriptive data of weight, height, BMI and WC by examination year are presented in Supplementary Table 1. Data to establish the influence of period of birth (birth cohort) on body weight and WC are shown in Table 1 . Participants born in more recent years were heavier than their counterparts in the same age groups 15 years earlier. However, the differences were not statistically significant for those aged 34-44 years and X75 years in both sexes. There was no association between birth cohort and WC in this study population.
Participants gained on average 0. Factors associated with change in weight and WC in multivariable analysis: men Age was associated with change in both weight and WC in men, with a general increase in weight and WC over the 15 years of follow-up in the three lowest age categories (25-54 years). In men aged 55-64 years, average weight decreased slightly while WC increased. In men aged X65 year, there was a general reduction in both weight and WC (Table 2) .
Education and occupation were not associated with weight or WC change in men, although the average yearly change among sub-groups suggested that less educated men and those with a non-professional occupation were more likely to gain more weight during the follow-up period. Recreational physical activity was associated neither with change in weight nor with WC. While the average yearly change in weight among sub-groups suggested that men with higher physical activity gained less weight, there was no evidence for a significant effect of exercise on weight change in men.
Factors associated with change in weight and WC in multivariable analysis: women Age was associated with weight change (P ¼ 0.0003) over time in women, but the association with WC change was of borderline statistical significance (P ¼ 0.07). Women aged 25-64 years on average gained in both weight and WC, whereas women aged X65 years on average lost weight and WC (Table 3) .
Recreational physical activity was not associated with weight change in women, but was associated with WC change. Higher levels of physical activity were related to lower increases in WC, although a test for a linear trend was not statistically significant (data not shown). Parity was not associated with weight change but was associated with WC change, though again not showing a linear trend (data not shown).
Except for age at baseline and recreational physical activity and parity among women, none of the other examined variables were related to 15-year change in weight or WC in this cohort.
DISCUSSION
This study is one of very few to present data on changes in both body weight and WC over an extended period of time in a community-based sample of Australian adults, while considering concurrent changes in lifestyle factors. The findings clearly demonstrate a birth cohort effect on weight in middle-aged adults, such that the later-born men and women were heavier by B8.3 kg and 5.5 kg, respectively, than their counterparts 15 years earlier. This confirms previous observations from repeated crosssectional studies in Australia 14, 26 and Scandinavian countries. 15, 16 Interestingly, period of birth was not associated with WC in our study, which is different from prior findings in other populations, 17 but very few studies have been able to study this. It would be valuable to have these discrepant findings for weight and WC confirmed in other and larger data sets. Age at baseline was associated with weight change in both men and women, and with WC change in men (borderline statistical significance in women). Indeed, age was the most important predictor of gain in weight and WC. It seems that age reduced the influence of all other measured covariates on anthropometric change in this study. Age is generally known to be one of the main factors affecting anthropometric changes, typically resulting in increases in body weight with age up to about 60 years, and declines after that. 27 Our findings are in agreement with such a pattern. However, it is noteworthy that our data suggest that women continued to gain weight and WC until an older age compared to men, a finding which corresponds with earlier longitudinal studies 28, 29 and may be partly explained by changes due to the menopausal transition in women in this age group. 30 Age-related weight gain has been shown to occur even among physically active people. 31 Our results are in accordance with previous findings 32 and provide additional evidence that men and women are more likely to gain weight in their 20-40 s, but they are likely to gain WC throughout adulthood, except for those aged X65 years. Given the association between increased WC and chronic disease, 12 this finding is of major concern. The possibility that overweight may lead to a healthy survival effect in older adults is the topic of much current debate. 33 Weight loss in our study population aged X65 years old is in agreement with previous reports. 34, 35 Body shape, size and composition are affected by changes due to aging. 36 Sarcopenia, a process of loss of muscle mass happens with aging. 37 These changes result in weight loss in old people. The greater weight loss in older male than female participants in this cohort is supported by other reports that showed a higher prevalence of sarcopenia in older men than in older women. 38 However, some studies have observed the opposite, 39 which suggests that weight loss due to sarcopenia may be populationdependent.
The amount of weight gain during 15 years (on average almost half a kilogram increase in weight each year for men and women in the youngest age group) in this aging population is a matter of concern. The adverse effect of obesity on cardiovascular disease morbidity 40 and mortality 41 has been well established. Weight gain is also adversely related to cardiovascular disease risk factors 42, 43 and even modest increases in weight are associated with a substantially increased risk of cardiovascular disease in middle-aged men and women. 9, 16 Gains in weight and WC were B30% and 50% greater, respectively, in females than in males Weight and waist circumference change S Arabshahi et al respectively), which corresponds to results of national 28 and international studies, 13, 44, 45 and places women at particular risk of developing overweight and/or obesity.
Higher levels of recreational physical activity were associated with lower levels of WC gain in women. Unexpectedly, physical activity levels were not associated with changes in weight, although among men it appeared that weight gain was lowest with higher activity levels. It is notoriously difficult to obtain valid measures of physical activity 46 and some misclassifications may have occurred. Also, the nature of total physical activity in this Weight and waist circumference change S Arabshahi et al semi-rural community may have varied between men and women, though we cannot confirm that from our data. Nonetheless, our data are in agreement with the notion that increased physical activity is one of the main strategies to improve anthropometric characteristics of young and middle-aged adults. Gain in WC was on average 2.5 times lower in highly physically active women compared to sedentary women. Given the known strong association between increased WC and risk of cardio-metabolic disease (including heart disease, stroke, diabetes, hypertension and some types of cancer), 12 our results show that while age plays a driving role in increasing the obesity epidemic, involvement in physical activities can significantly reduce the age-related WC gain and thus the risk of cardio-metabolic disease, especially in women.
Our results of the association between parity and WC change but not with weight change provide longitudinal evidence on earlier reports from cross-sectional studies, using skinfolds measurements 47 and body scans, 48 suggesting that parity is associated with a shift in fat distribution independent of total weight in women. However, our study also showed significant age-associated WC gain in both younger and older women up to 64 years of age. In agreement with previous findings, 48 gain in WC was also evident in nulliparous women, thus they cannot be assigned to pregnancy physiology alone and suggest a shift of fat tissue from the lower to the upper body that happens during the adult life-span and accelerates while aging. 48 It appears that parity can accelerate the reallocation of adipose tissue.
None of the other variables were associated with change in weight or WC at the overall group level. Factors such as socioeconomic status, smoking and drinking behaviors vary between populations and some heterogeneity in findings is expected. In contrast to others, a major strength of our investigation is that we were able to allow for change in predictor variables over time. This was possible due to the repeated assessment of many of the variables (e.g., changes in the amount of alcohol consumed over time). This would have removed some of the biases that may arise if only a one-off assessment of health behaviors is used to ascertain its association with anthropometric changes over time, and hence is a superior method of modelling. 49 Unexpectedly, total energy intake was not related to change in the anthropometric measures. The problem of obesity-related misreporting of energy intake in dietary assessment has been well documented. 50 Results did not appreciably change (data not shown) when we excluded under-reporters (16%) based on the method by Black and Goldberg, 50 suggesting that underreporting of energy intake is an unlikely explanation for the lack of energyweight change association as previously shown in our study population. 51 Nambour is a semi-rural community but we expect that this has had a minimal effect on the generalizability of our findings to the wider Australian population and beyond. The majority of Australians live in urban environments, and in terms of work, housing and mobility, the majority of our study participants would have resembled an urban pattern of behaviors more than those in a rural setting. Our findings are in agreement with national crosssectional data on body weight over the past 15 years, showing an average weight gain of 3.9 kg in men and 4.1 kg in women between 1995 and 2011-12 26 compared to 3.2 kg in men and 4.8 kg in women over the 15 years in our study. The relative distribution of physical activity levels in our study population was also comparable to that reported in national surveys. 41 This study has several strengths. Internationally it is one of few to measure longitudinal change in general and abdominal obesity in a population-based sample. The analytical design allowed us to investigate concurrent changes in predictive factors and body measures over time. Only measured anthropometric data was used, thus eliminating systematic bias due to self-reported body size.
It is important to interpret these results in light of some limitations. In longitudinal analyses, loss to follow-up is a matter of concern. However, a main advantage of the applied generalized estimating equations statistical model is that all available data over the follow-up period could be used. Our findings showed that the small number of study participants who were excluded from the analyses were more likely to be in the youngest or oldest age-categories. The effect of age on weight change may have been different between those included and those not included. However, inclusion of age as a covariate in all our models is expected to have avoided some of this possible bias. To further address the issue of possible bias due to missing data, we repeated the analyses in the subgroup of participants who had complete data on body measures over time. The results and the magnitude of the overall associations from these additional analyses were not materially different from those presented in the tables (data not shown).
To further explore our data, we investigated possible effect modification by assessing whether the association between age and change in weight (or WC) was modified by baseline BMI (or baseline abdominal obesity), and whether the association between energy intake and these outcomes was modified by physical activity. No significant associations were observed (results not shown).
It remains possible that change in weight or WC may have caused change in some participants' characteristics. Such reverse causation remains a possibility in these longitudinal analyses and needs to be considered in interpreting results.
In conclusion, this study confirms a birth cohort effect on body weight, with later-born cohorts being heavier. Our findings add longitudinal evidence to the knowledge that gain in anthropometric measures is a widespread problem affecting both sexes. Age is the most important factor affecting change in weight and WC in both men and women. However, engaging in recreational physical activity can prevent WC gain, especially in women.
